Background: We investigated how four aspects of socio-demography influence the effectiveness of an intervention with structured personal diabetes care on long-term outcomes.
Background
Epidemiological studies have repeatedly shown increased occurrence of type 2 diabetes mellitus (T2DM) among people with low socioeconomic status [1, 2] and living in rural areas [3] . Primarily due to improved diabetes care, mortality of T2DM patients has decreased substantially in recent decades [4] , although this trend has been less favourable among those with low socio-economic status (SES) [5] [6] [7] [8] [9] [10] . A recent Scandinavian study showed increased mortality among people of low SES, but could not show any systematic differences in mortality between patients living in rural and urban areas [8] .
Social inequality in mortality and morbidity of patients with T2DM can only be partially explained by differences in the increased incidence of other comorbid disease [1, 11] . SES has been reported to influence metabolic control [12] , pharmacological treatment [13] and ability to change lifestyle according to the recommendations [14, 15] . Inequality in access to and utilization of health care [16, 17] could influence the course of T2DM [18, 19] .
Though SES and place of living influence care and prognosis of T2DM [8, 10, 11, 20] , there is only limited evidence as to whether the effectiveness of diabetes interventions differs with regard to SES and residence. Recent reports suggest that interventions with intensive diabetes care diminish the socio-economic differences in intermediate outcomes [13, 21] , but we do not know whether this effect also is seen on long-term outcomes. One may hypothesize, that an intervention with structured personal care may succeed to reduce the difference between socio-demographic groups [13] , as the effectiveness of this intervention in two post hoc analyses have been reported to be especially pronounced in women [22] and in patients with severe mental illness [23] .
Our aim in the present study is to describe how sociodemographic status and residence influences the effectiveness of an intervention with structured personal care in newly diagnosed patients with T2DM regarding allcause mortality and any diabetes-related endpoint during 19 years of follow-up.
Methods

Patients
The Diabetes Care in General Practice (DCGP) study was a pragmatic, open, multicentre, cluster-randomized controlled trial (ClinicalTrials.gov registration no. NCT01074762) [18] . The purpose of the trial was to test whether structured personal care, compared to routine care, for patients newly diagnosed with T2DM, reduced the incidence of seven pre-defined outcomes, including all-cause mortality and any diabetes-related outcome [18, 24] . In 1988, a random sample of two thirds of Danish general practices, excluding singlehanded practices with a doctor aged ≥60 years, received an invitation to participate in the study. Of 1902 general practitioners (GPs), 474 (25.4%) volunteered. In 1989-1992, all practices included all patients aged 40 years or over with newly diagnosed diabetes based on strict criteria [18] . All practices were randomized to either six years of structured personal care or routine care in the period 1989-1995 and all patients had a follow up examination 6 years after diagnosis [24] . The inclusion criteria were met by 1590 patients, of which 209 patients were excluded according to predefined criteria, so that the number of study participants was 1381 (Fig. 1) . Among these patients, 1369 (99.1%) were of western European descent and, based on onset of insulin treatment, most were considered to have T2DM (97.5%). The Ethics Committee of Copenhagen and Frederiksberg (V.100.869/87) approved the study and all patients gave informed consent.
Intervention
The Danish healthcare system is mainly tax-financed and based on the egalitarian principle of equal healthcare access for all equal healthcare needs, clinic visits are free of charge and expenditures for prescribed drugs are for the most part reimbursed. In Denmark the GP usually provides diagnosis and routine care for T2DM and function as gatekeeper for specialist care.
In the intervention arm follow-up every 3 months and annual screening for diabetes complications were supported by sending out a questionnaire to GPs one month before the next expected consultation. Goal-setting for blood glucose, blood pressure, lipids and weight was individualized [24] , and GPs were introduced to possible solutions to therapeutic problems through six annual half-day seminars, descriptive annual reports on individual patients as well as folders and leaflets for doctors and patients, resembling present day recommendations for diabetes care [25, 26] . None of the intervention procedures were explicitly based on social differentials. Patients were never approached by the study centre. GPs in the routine care group were free to choose any treatment and change it over time [24] and they were not contacted after patient inclusion had stopped until the intervention was terminated and the 6-year examination was initiated in September 1995.
Assessments
At the time of diagnosis and at the 6-year follow up examination measures of patients' health and social status were collected in questionnaires to GPs, eye doctors and patients. Upon inclusion, patients gave information about socio-demographic variables in questionnaires: highest attained education level (basic school education only or higher education level); in labour market, out of labour market or retired; and whether patients lived alone or were cohabiting/married. Information on smoking habits and leisure-time physical activity was also collected. Information on place of living was recorded as rural or urban from area code and population density in accordance with Statistics Denmark [27] .
Clinical and registry based follow-up
The clinical 6-year follow-up examination included measurement of body weight, blood pressure, urinary albumin, haemoglobin A1c (HbA1c), total cholesterol, fasting triglycerides, and serum creatinine. Patients and doctors were asked to fill in questionnaires including questions on health behaviour (smoking, physical activity), attitudes towards disease (altered habits, diet and home monitoring of blood glucose), patient's motivation for best possible control according to the GP, process-of-care (number of consultations, number of diabetes-related consultations and whether patients had been treated at a diabetes clinic) and if they received pharmacological treatment (cholesterollowering, glucose-lowering and antihypertensive drugs).
During 19 years (mean follow-up time) after diabetes diagnosis patients were followed up in the national registers. Vital and emigration status of all patients were certified through the Danish Civil Registration System [28] . Everyone living in Denmark is registered with a permanent and unique personal identification number allowing linkage between study populations and all national registers. Data on mortality, diagnoses and surgical procedures were from The Danish Register of Causes of Death (DCD) [29] and The Danish National Patient Register (DNPR), which includes information on almost all hospital contacts in Denmark [30] . The outcomes used in the registry-based follow up were all-cause mortality and any diabetes-related endpoint.
(e.g. stroke, myocardial infarction and renal failure, full list see (Additional file 1)), previously defined [18] and also used in the UK Prospective Diabetes Study [31] .
Statistical analysis
Differences in the incidence of death and any diabetesrelated endpoint between randomization and sociodemographic groups were analysed univariably with log-rank tests and multivariably in Cox regressions models. In the latter, 95% CIs and p values were determined using a sandwich estimator for the variance to account for clustering of patients within practices [30] . Absolute risks were calculated as the number of participants experiencing the corresponding outcome divided by person years of risk. Two multivariable models are presented, one adjusted for age at diagnosis, sex and
Primary exclusions:
Severe somatic disease (n=40) Severe mental illness (n=32) Declined to consent (n=35) Secondary exclusions:
Diagnosis not confirmed (n=26)
Severe somatic disease (n=10) Severe mental illness (n=18) Declined to consent (n=27) Secondary exclusions:
Diagnosis not confirmed (n=21)
Withdrew consent to 6-y follow-up (n=18) Lost to follow-up (n=16)
Died before before 6-y follow-up was completed and before 31.01.1998 clustering, the other with additional adjustment for the following variables at diagnosis: BMI, hypertension, HbA1c, total cholesterol, urinary albumin, physical activity, smoking, known cardiovascular disease (see Table 1 ), and prescription of glucose-and/or lipid-lowering and/or antihypertensive drugs. For behavioural, clinical, biochemical and process-ofcare variables at the 6-year examination we used multivariable generalized linear regression models (ordinary linear regression for continuous variables, logistic regression for binary variables and negative binomial regression for count variables) and presented the effects of structured care vs. routine care, stratified on sociodemographic groups adjusted for age, sex, and diabetes duration. Effect modification was assessed by a test for the interaction between randomization and SES groups in the corresponding model. Clustering with GPs was accounted for by the use of generalized estimating equations. Due to the multiple comparisons the level of statistical significance at 5% is not interpreted rigorously. We performed a log rank test for all-cause mortality and any diabetes-related endpoint comparing the four groups defined by educational background and the intervention. We used the statistical program SAS v9.4 (SAS Institute, Cary, NC, USA).
Results
The indirect randomization was successful except that relatively more routine care patients were living in rural areas (Table 1 ). Overall, a low level of education was associated with higher all-cause mortality (Fig. 2) and any diabetes-related endpoint (Fig. 3) showing significant difference between the 4 groups in respectively all causemortality and any diabetes related endpoint (log-rank Table 2 ). The effect of the intervention, however, was only statistically significantly different between patients living in urban and rural areas (interaction p = 0.034). The intervention had no effect on all-cause mortality.
Results describing the role of four different aspects of socio-demography on behavioural, clinical, biochemical and process-of-care variables at the 6-year examination are presented in Additional file 2: Table S1, Additional  file 3: Table S2, Additional file 4: Table S3, Additional  file 5: Table S4 , and summarized with the p-values from the test of the corresponding interaction and a description of the association (Table 3) . Overall, the effect of the intervention on these variables did not differ according to socio-demography. Only few patients were treated with cholesterol lowering drugs in 1995-96 (1.9% -5.8%), but relatively fewer patients living in rural areas were treated with cholesterol lowering drugs in response to the intervention compared to urban patients. The intervention resulted in an increased number of diabetes-related consultations regardless of socio-demographic group, and patients living alone tended to have relatively more consultations compared to patients cohabiting.
Discussion
The intervention did not influence all-cause mortality [18] , but overall patients receiving structured personal care experienced a 20% lower risk of any diabetesrelated endpoint compared to patients receiving routine care. This effect was greater among patients living in urban areas compared to rural patients, but otherwise, there was no effect modification of education, employment and civil status on the intervention for the final endpoints. Overall the effect of the intervention on behavioural, biochemical and process-of-care measures was not different between the subgroups of the four aspects of socio-demography.
Comparison with existing literature
This study reports social inequity in mortality and diabetes-related morbidity, in line with other studies that have investigated the impact of level of education [9] , occupation [8] and socio-economic status [7, 8] . The present findings suggest that an intervention with structured personal care does not give rise to more social inequity in use of the health care system, as has been described in other studies [13, 21] . Thus the results do not confirm results from studies of the general population showing that the number of consultations at the GP increases with decreasing socio-economic status [15, 32] . The fact that socio-economic differences in mortality and morbidity persist, despite formally equal access to the public health care system, could be due to different use of specialist care as suggested by others [17, 20] , but this does not seem to be the case for the intervention in our study. Tests whether the effect of randomization differs between groups; e Adjusted for age at diagnosis, sex, clustering, BMI, hypertension, HbA 1c , total cholesterol, urinary albumin, physical activity, smoking, known cardiovascular disease (see Table 1 ) and use of glucose-or lipid-lowering medication and antihypertensive therapy; The presented benefit of structured personal care on long-term endpoints, also for patients with low level of education and patients on welfare benefits, cannot be ascribed to single elements of complex interventions. Patients with low level of education and income are frequently reported to be inadequately controlled with hyperglycaemia, hypertension, dyslipidaemia and unhealthy lifestyle [14, 15] , and some studies also suggest socio-demographic differences in prescription rates [16, 20] . Our results are in line with earlier studies, concerning socio-demographic differences of intensive multifactorial interventions, which have been shown not to worsen or introduce social inequity in the control of T2DM [13, 21, 33] . Prior studies suggest that interventions seem to be effective, also among patient with low SES, in improving cardiovascular risk factors and prescription of medicine, but it is more difficult to assist patients in changing lifestyle and attitudes towards DM [13, 21, 33, 34] . As a high-risk group patients with low SES have potentially more to win [9, 10] , but they are also known to have poor compliance especially regarding lifestyle and attitudes towards DM [5, 14, 15] . The individualization of diabetes care in the DCGP trial with negotiation of treatment goals, taking patient resources in consideration may explain why this intervention seems to be effective across the spectrum of SES.
Our results indicate that patients living in rural areas may have less benefit of the intervention compared to urban patients. An explanation for this finding could be because the uptake of the intervention was lower among rural doctors and/or because the compliance with the intervention among rural patients was low. We could not see any systematic differences in the 6 year follow up, on cardiovascular risk factors or behaviour between urban and rural patients that could reconcile these finding (Table 3) . However, our data suggest that rural patients are less often treated with cholesterol-lowering drugs as a result of the intervention, but few patients were actually treated with this medication in the middle of the 1990s. Other studies have reported that cholesterol-lowering agents are less often prescribed in deprived areas [34] . A previous Scandinavian study reported no difference in mortality between urban and rural patients [8] , like our study, other studies have suggested that people residing in more rural areas more often have undiagnosed diabetes [35, 36] . This implies that rural patients may be diagnosed at a later stage of the disease, possibly with a higher risk of complications and maybe less susceptible to treatment interventions than patients living in urban areas, this have to be investigated further.
Strengths and weaknesses of the study
This study contributes to the knowledge on how SES and urbanisation influence the uptake and effect of diabetes interventions and may offer some advantages in comparison to prior studies. It is a strength of the present study that it reports hard endpoints after 19 years of follow up, but on the other hand a limitation that the results are from an early cohort. Furthermore, the results are likely to be generalizable to the wider population of patients with T2DM because the study was population-based, with no upper age limit, but also because the study was conducted in general practice where most T2DM patients are treated. Also, the elements of the intervention, including the negotiation of treatment goals between patient and doctor, resemble standard treatment procedures in current day general practice diabetes care and recommendations [25, 26] . Finally, the study had a relative high number of GPs participating and the patient attrition rate was low.
The most important limitation of this study is that it is a post hoc analysis of a randomized controlled trial. Since randomization did not take socio-demography into account, this could have created imbalance between the randomization groups in relation to socio-demography, this does not seem to be the case. We although found a minor difference in randomization regarding residence that means one should be cautious when interpreting these results. The fact that we could not describe any substantial difference between rural and urban patients at the 6 years clinical follow up -means that the described potential difference in effect has to be investigated further. It is also a limitation that some elements of the intervention in the structured care arm were later applied to the routine care arm through national diabetes guidelines. The intervention could therefore prove to be more efficient than reported.
Information on educational level, employment and civil status were self-reported which might cause misclassification, but on the other hand, this information is readily at hand for the physician. Furthermore, some of the reported socio-demographic differences in mortality and morbidity could be due to patients with low level of education, outside the labour market or living alone being diagnosed later in the natural history of diabetes [9, 37] and therefore presenting with a more advanced disease at diagnosis [13] . Also a higher prevalence of comorbidity among patients with low SES in general could influence the result. We could however only find moderate decline in the association between low socioeconomic status and any diabetes-related endpoint when adjusting for comorbidity and baseline cardiovascular risk factors, which is in accordance with other studies [1, 11] . Long-term outcomes were registry-based and vital status was confirmed for all study participants. Not all non-fatal outcomes have been tested for validity, but this is generally considered to be acceptable [29, 30] , and differential misclassification according to treatment allocation and socio-demography is not expected.
Conclusion
Structured personal diabetes care showed effect on the aggregate outcome any diabetes-related endpoint, even for the high-risk group of patients with low level of education and patients out of the labour market. Thus, structured personal care did not give rise to more health inequality among patients with diabetes but rather a tendency in the opposite direction. Patients living in rural areas, however, seemed to have gained less from the intervention compared to patients living in urban areas this finding has to be investigated further. Still, socioeconomic inequity in mortality and morbidity existed despite the intervention. 
